INTRODUCTION
Partitioning in aqueous two-phase system (ATPS) has been used as a bioseparation and purification technique for several decades (1) . The mild environment of ATPS and low interfacial tension combined with the ease of scale-up and continuous operation makes it well suited for the large-scale separation and purification of biological macromolecules with special relevance to enzymes (2) . Cultivation of microorganisms in ATPS for production of extracellular enzymes is based on the idea of separating cells from enzymes by partitioning them into opposite phases, thus avoiding conventional techniques of mechanical separations, and has been reported for α-amylase (3), cellulase (4), protease (5) and pectinase (6, 7) .
In many two-phase systems composed of polymers, the ionic composition has a strong influence on partitioning (3) . This influence has been attributed to the existence of electrostatic potential differencies between the two liquid phases in equilibrium, caused by non-uniform disrtibution of ions between the phases (1) and to modification of intramolecular forces between the substance of interest and polymer coils in the presence of salt (8) . On the other hand, the effect of salts on the interactions between the polymer components is expected to have a pronounced effect on the composition of the phases through the change of slope of tie-lines (9,10) and phase volume ratio (11) , which in turn may influence the partition. It is mainly the ratio between the different ions that influences the partition coefficient, but also in the case of many substances, the concentration of a given salt (12) .
The aim of this study was to investigate the effect of various sulphate salts and their concentration on the partitioning of pectinases in ATPS, composed of the most frequently used polymers -polyethylene glycol and dextran.
EXPERIMENTAL
Commercial pectinase preparation. In the partition studies Vinozym (Novozymes, Denmark) was diluted 100 times in 10 mmol l -1 acetate buffer pH 5.0 to make the basal enzyme solution.
Preparation of ATPS. The polymers used were polyethylene glycol 4000 (PEG 4000) (Merck, Germany), polyethylene glycol 6000 (PEG 6000) (Merck, Germany), fractionated dextran (M r ∼500 000, Fluka, Switzerland) and crude dextran (MW>500·10 3 ). A crude dextran solution of 10% (w/w) contained approximately 0.5% reducing sugars, as determined by the DNS-method (13), with glucose as standard.
The phase systems were prepared, according to the literature (5), by mixing thoroughly the required quantities of polymers in the enzyme solutions, equilibrated at room temperature, for 5 minutes at vortex. The total mass of the two-phase system was 10 g. The two phases were allowed to separate (12 hours) before sampling, and then the upper phase was carefully removed with a pipette, leaving a small amount at the interface. The lower phase was then sampled through the interface. Samples of each phase were analysed for enzyme activities.
Enzyme assays. Endo-pectinase (endo-p) activity was determined by measuring the decrease of the specific viscosity of the reaction mixture (14) . One unit was defined as the amount of enzyme that reduced the initial specific viscosity of the reaction mixture by 20% in 1 min. In order to avoid the influence of sample viscosities on analytical procedures, appropriate dilutions were made so that the initial viscosities of the reaction mixture, after adding basal enzyme solution of commercial pectinases, had the same value.
Exo-pectinase (exo-p) activity was measured according to the literature (15) . One unit was defined as the amount of enzyme that catalysed the formation of 1 µmol of galacturonic acid per hour at pH 5.0.
The partition coefficients for endo-p and exo-p in the aqueous two-phase systems were defined as:
yield in the top phase as
where V t and V b are the volumes of the top and bottom phase, respectively.
The tie-line length (TLL) was defined (16) [3] where w i TOP and w i BOT represent the weight percentages of phase-forming component i in the top and bottom phases, respectively.
The results are the mean values of at least three measurements of activity (the accuracy is considered to be ±5%) on a minimum of three replicas for every partition experimental point.
Analytical methods. Dextran content in the phases was determined, according to the literature (3), in a polarimeter (Perkin-Elmer) at 589 nm. Concentration of polyethylene glycol was measured as described elsewhere (17) .
RESULTS AND DISCUSSION
Partition experiments were conducted in two aqueous two-phase systems, composed of different phase forming polymers, whereas their concentrations were chosen to ensure partitioning at short tie-line lengths, according to our previous findings (6) , and phase volume ratio 1. Also, because our earlier results showed exclusive occurrence of pectinase producing fungus in the bottom phase of ATPS (6, 7, 18) , the top phase yield of endo-p and exo-p activities was of interest. All concentrations of sulphates were below those reported to change the slopes of tie-lines (9) .
The effect of ammonium sulphate ( Fig. 1 ) and sodium sulphate (Fig. 2) was investigated in the polyethylene glycol 4000/crude dextran system at TLL 7.44%. Addition of ammonium sulphate to a final concentration of 15 mmol/l had a maximal effect on enhancing the partition coefficient and the top phase yield for both endo-p and exo-p activities. Under these conditions, the K for endo-p was improved for 25% and yield in the top phase of the system for 5% (Fig. 1a) in comparison to the system without salt. Maximal effect of the same salt on partition parameters for exo-p activity amounted to almost 70% for the partition coefficient and 25% for the top phase yield (Fig. 1b) .
When sodium sulphate was added to ATPS containing polyethylene glycol 4000 and crude dextran in the investigated range of concentrations, the most appropriate conditions for partition of endo-pectinase to the top phase of the system were found at 15 mmol/l (Fig. 2a) : K endo-p and Y endo-p were 1.2 and 1.1 times higher, respectively, comparing to system without salt. However, the most favourable effect on partition of exo-pectinase activity sodium sulphate showed already at 5 mmol/l through an increase of about 60% for the partition coefficient, followed by increase for 30% in the top phase yield (Fig. 2b) . In the aqueous two-phase system composed of polyethylene glycol 6000 and fractionated dextran, at tie-line length 6.26%, the effect of two sulphates, magnesium (Fig. 3) and sodium (Fig. 4) salts, was investigated. Maximal effect on the partition coefficients for both endo-p (Fig. 3a) and exo-p (Fig. 3b) activities magnesium sulphate had at 0.3 mmol/lthe values were enhanced for about 2 and 1.5 times, respectively. This was followed by an appropriate increase in the yield in the top phase for 40% (endo-p) and 25% (exo-p). Further increase of salt concentration led to decrease in both K and Y t . Sodium sulphate had the most prominent effect on partition parameters of pectinase activities at the very same concentration as magnesium sulphate, i.e. at 0.3 mmol/l (Fig 4a  and b) . Under these conditions K endo-p was higher for about 30% in comparison to the two-phase system without salt, followed by an increase in yield in the top phase for about 10%. Dramatic improvement of partition conditions this salt showed regarding parameters for exo-p activity -the partition coefficient and the top phase yield were higher for almost 200% and 60%, respectively.
CONCLUSION
Presence of sulphates in the investigated range of concentrations influenced the partitioning of endo and exo-pectinase in aqueous two-phase systems composed of polyethylene glycol and dextran. This effect was different, and depended on ATPS forming polymers, kind of salts and their concentrations, as well as on enzyme activity. So, all these parameters had to be optimized for each particular system to acchieve maximal selective partitioning of target activity to the top phase.
A more pronounced increasing effect of sulphate, irrespective of kind of the cation, was attained at higher salt concentration in the system PEG 4000/crude dextran than in the system PEG 6000/fractionated dextran. The most dramatic effects on partition parameters, expressed through percentages of their increase, were obtained when sulphates were added to PEG 6000/fractionated dextran. The most pronounced effect on partition parameters of endo-pectinase and exo-pectinase activities had magnesium sulphate and sodium sulphate, respectively. On the other hand, one should not forget that higher initial partition parameters, i.e. in the system without salt, especially for endo-p activity, were in the system with crude dextran.
